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The present Invention relates to methods and apparatus for sterilizing the interior 
surfaces of a room.and the surfaces of the contents of the room. 

For sometime hydrogen peroxide and other gases have been used for the 
decontamlnationoftheinteriorsurfacesoflsolators. This technology has beenwell 

established and is covered by numerous Patents such as EP 0486623 Bl. UK Patent 
221 761 9B, WO 89/06140 and UK Patent 2308066A. 

Whilst this technology has worked well Ih relatively small chambers, up to about 
50m' it has been difficult to achieve fast and reliable decontamination cycles m 
■ farge/chambrr^ of rooms; 
process and hence a difficulty In achieving proper controls. UK Patent Publication 
No 2 354443 A describes a new type of gas generator which is more suitable for 
use in large applications and a further UK Patent Publication No. 236045.4 describes 
a method of controlling the process by measuring the critical parameters. But 
neither of these patents addresses the problem of the considerable variation m 
conditions that are found within a room during the decontamination process 

Recent research and analysis of the published data shows thatfor most apparently 
gaseous decontamination processes, the deactivation of micro-organisms on the 
surface Is achieved by a fine layer of condensation. It follows that to optimise he 
process It is necessary to not only achieves an even layer of condensation, but also 
to have sufficient Instrumentation to measure the condensation. 

An analysis of the paper of Dorothy M Porter and Robert K Hoffman (Applied 
Microbiology Nov 1988. p 1782-1785) shows that for a mixture of peracetic ac.d 
hydrogen peroxide, acetic acid, sulphuric acid and water. that kill of the tes 
organisms occurred once dew point had been reached. Porter et al reported that 
kill started when the RH had reached 40o/o. but this failed to take account of the 
affect on the dew point of the other liquids present. By using Raoult's Law .t .s a 
simple matter to show that dew point for the mixture concerned occurred at about 
40% of the saturated vapour pressure of pure water. 

The difficulty In predicting the dew point for mixtures of hydrogen peroxide, water 
and othersubstances Is that the vapour pressure is dependent on temperature and 
the activity coefficients that must be Inserted Into Raoult's Law. The activity 
coefficients are also temperature and concentration dependent It Is therefore 
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difficult, If not impossible, to predict the point at which condensation will occur. 

Since it is also believed that it is not only the mass of condensate that Is Important 
but also the rate of formation of the condensate that Is Important, it therefore 
5 becomes even more difficult to predict the point In a decontamination cycle when 
deactivation will occur. It has been shown experimentally that some organisms, 
especially those that contain catalase. are able to decompose the hydrogen 
peroxide condensation as it forms. However, if the rate of deposition of the 
hydrogenperoxidecondensateissufficientlyhighthenthecatalasels overwhelmed 

1 0 and is unable to decompose the hydrogen peroxide. 

To overcome these difficulties when decontaminafing large volumes it is necessary 

fif^tfy t6 ensure a sufffciehtly highfafe of formation of cofiaensatidn and secondly 

to be able to measure and control the level of condensation. 
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This Invention provides a method of decontaminating an enclosed spaced 
comprisingadjustingtherelatlvehumiditywithinthespacetoapredetermmed level, 

evaporating a liquid sterllant In the space until the dew point of the sterilant gas .s 
reached and a requisite level of condensation has been deposited on surfaces 
within the enclosed space, maintaining the level of the condensation for a 
predetermined period of time and them removing the gas and condensation from the 
enclosed space; wherein in that condensation Is measured within the enclosed 
space at a number of locations to ensure that condensation takes place throughout 
the enclosed space. 

Preferably, condensation Is measured at least those locations where the 
condensation level within the enclosed space is a minimum to ensure that 
condensation talces place throughout the enclosed space. 

It is also preferred that sterilant gas is generated from a number of sources within 
the enclosed space. 

m one embodiment of the Invention, the measurement of condensation at the 
differentlocationslsarrangedtocontroltheproductlonofsterllantgasfromthegas 

35 generators. 

In the latter method the gas generators are controlled by a control system which is 
responsive to the measuring of condensation at different locations within the 
enclosure. 
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Achieving a high rate of formation of condensation on all surfaces requires firstly 
a high level of evaporation of the decontamlnant but of greater difficulty and equal 
Importance Is to ensureas near as possible an even layer of condensation on all 
surfaces. Should preferential condensation form on any surface within the room It 
follows that a lower rate of formation must be occurring on other surfaces. Since the 
kill is dependent not only on the mass but also the rate of formation then 
preferential condensation will have an adverse affect on the decontamination t.me. 

Ithasfurtherbeen established thatfasterratesofdeactlvatlonmayalsobe achieved 
by using mixtures of gases or liquids. S.S. Block in the fifth edition of "Disinfecfon 
Sterilisation and Preservation" page 196 published by Lippincott Williams and 
Wilklns shows that there is a strong synergistic affect between hydrogen perox.de 
• ana-p-era-ce-tlc -acid. A' similar affectwas detftbnstrated by A. Bardat efal and 
reportedinPDAJournalVoLSONo. March-April1996 83-88. The presentlnvenfon 

IS intended not only to be used with hydrogen peroxide but also with any mixture 
of liquids that may be flash evaporated and then allowed to condense on the 
surfaces within the space to be decontaminated. 

The equipment comprises one or more devices that will generate a vapour or 
mixture of vapours, and may be placed Inside the space to be decontammated. Also 
placed inside the room are a number of sensors, the number depending on the s^e 
and &hape of the room, to detect the formation of condensation. 

The vapour generators and the sensors will be connected to a central control 
system that will manage all aspects of the decontamination cycle. 

Each generator consists of a HEPA filter through which room air is drawn. The air 
IS then heated and passed over a flash evaporation plate where the liquid or mixture 
of liquids is evaporated into the heated air stream. The hot air carrying the flash 
evaporated liquid is then directed into the space to be decontaminated at h.gh 
velocity, preferably by a nozzle or set of nozzles that is rotating in order to achieve 
good distribution of the gas before It cools and condenses. 

For large enclosures It will be necessary to have multiple generators. Firstly, 
becauseformoblleequlpmenttheavallableelectricalpowerislimitedandsecondly, 

the jet of hot gas produced by each generator will only reach a limited distance 
before it loses its kinetic energy and cools. When a number of generators are 
required these will be linked together to the central control together with the 
condensation monitors. 
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A decontamination cycle for a room Is in four phases. The first is conditioning, 
during which ail of the equipment is allowed to come to thermal stability and the 
Relative Humidity (RH) inside the volume is brought to the required starting value. 
During the second phase the liquid sterilant is evaporated by the gas generators, 
first raising the gas concentrations to dew point, and then depositing the required 
level of condensation. 

In the third phase the level of condensation is maintained for a sufficient length of 
timetoachieve the requireddegree of decontamination. Forsomeinstallations this 

phase may be omitted if a satisfactory deactivation is guaranteed in phase two. The 
fourth and final phase Is the removal of the gas and condensation from the room. 

--FumefequipmeMwiIlbere-q-uired;aVartfromthegas generators 
monitors to achieve the above cycle. 

During the first phase it may be necessary to dehumidify the room. Using the room 
HVAC system, or alternatively by having a mobile dehumidifler may do this. A 
dehumldifier using a chemical dryer would be suitable for this application. The 
removal of the gas In phase four of the cycle may be achieved by using the HVAC 
system, but if this is not practical then a portable catalytic converter may be used, 
such devices consist of a fan. which drives air first through a catalytic converter 
and then a HEPA filter. 

ThecatalyticconverterrendersthegasesharmlessandtheHEPAfilterremovesthe 
2 5 viable and non-viable particles from the air stream. 

The following Is a description of some specific embodiments of the Invention, 
reference being made to the accompanying drawings in which:- 

30 Figure 1 is a diagrammatic view of a sterilant gas generation apparatus; and 

Figure 2 Is a diagrammatic view of a room to be decontaminated contammg a 
plurality of sterilant gas generators and control system to controlling the 
decontamination process. 

35 A gas generator 10 Is shown in Figure 1. Air is drawn in through a HEPA filter 11 by 
a fan 1 2 and passed into a vaporiser 1 3. Inside the vaporiser the air is first heated 
by a ..:....heater (not shown) and then passes over an evaporation plate (also not 
Shown) A pump 15 delivers liquid sanitant from a sanitant bottle 16 in the form of 
droplets onto the evaporation plate from which it is flash evaporated. The heated 
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air carrying the sanitant vapour Is passed to a distribution plenum 18 and exits to 
the room at high velocity through one or more nozzles 19 . 

Provisionismadeeithertoconnectanumberofopticaltypecondensationmonitors 
5 20 directly to the gas generator and hence to a control module 21 {see Figure 2) or 
the monitors may be connected directly to the control module. The optical 
condensation monitors measure the layer of condensation as it builds up on a 
surface or surfaces of the monitor. Connecting condensation monitors to the gas 
generator has the advantage of reducing the number of connections to the control 
1 0 module, especially when a number of gas generators are used. 

The condensation monitors are placed around the room at the locations where the 
fate of coh'dehsatlon Is the^^^^^ 

A complete multiple installation is shown in Fig 2. with three gas generators 10 
each with eight condensation monitors 20. Also connected to the control system 
is an aeration unit 22 used to remove the gas at the end of the cycle and the 
dehumldifler 23. A separate instrument module 24 Is also shown whu^h has 
additional Instrumentation to measure the gas concentration and the RH withm the 
room. A single communications cable connects 24 all of the components to the 
control module. 

The normal technique to establish if a decontamination process has been 
successful is to place Biological Indicators (Bis), in those parts of the chamber 
where It is the most difficult to achieve a kill. It Is often undesirable or not permitted 
to place BIS In a room, but It Is necessary to know that deactivation to the required 
level has been achieved. To overcome this difficulty condensation monitors may 
be used to establish that the mass and the rate of formation of condensate are 
sufficienttoachlevedeactivationofthemicroorganismsonth^surfaces.Itl.asbeen 

well established that once the required conditions have been achieved that the D 
valueforthemostresistantorganlsms IS abouttwominutes-Therefore an exposure 

of the organisms under the correct conditions for twelve minutes will achieve a log 
6 reduction In the count of viable organisms. 

satisfactory decontamination will only be achieved in a room if a sufficiently high 
rate of liquid sanitant vapour is delivered into the room to provide an adequate rate 
of formation of condensation. But to be assured that decontamination has been 
achieved It Is necessary to measure the condensation levels with time In multiple 
locations In the room. The data from the condensation monitors together with the 
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information from the other instruments In the room may then be used to establish 
that a satisfactory deactivation cycle has been completed. 

The condensation sensors may be used In one of two ways. The first Is to 
5 measure and then control the level of condensation by adjusting the hquld 
evaporation rate and the second is simply to use the monitor as a switch. When 
used as a switch itslmply gives a signal when an adequate amount of condensation 
has formed and the process Is then considered to be complete or allowed to dwell 
in that state giving a sufficient period during which the organisms are killed. There 

10 Is a further variation to the "switch" method In which two sensors are used at each 
location set at different levels of condensation. The first Indicates when 
condensation has started and the second when the level of condensation .s 

sufficlehtfohave--causeda-satisfactorylevel.^^l^^ 

"dwell" period during which the kill occurs. 

The condensation monitors of the above apparatus are optical devices which 
measure the layer of condensation. An electronic device may be used Instead that 
gives a switch signal when a known level of condensation has arrived. The sw.tch 
level depends on the construction of the sensor plate. Sensor plates are single use 
2 0 disposable Items and hence are Inexpensive. The plates plug Into a box which may 
be placed at a remote location within the room. 
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CLAIMS 



1 A method of decontaminating an enclosed spaced comprising adjusting the 
relative humidity value within the space to a predetermined level, evaporating a 
liquid sterilant in the space until the dew point of the sterllant gas is reached and a 
requisite level of condensation has been deposited on surfaces within the enclosed 
space, maintaining the level of the condensation for a predetermined period of time 
and them removing the gas and condensation from the enclosed space; 
characterised in that condensation is measured within the enclosed space at a 
number of locations to ensure' that condensation takes place throughout the 
enclosed space. 

2 Amethod as claimed In claim 1. wherein condensation is measured at least 
those locations where the condensation level within the enclosed space .s a 
minimum to ensure that condensation takes place throughoutthe enclosed space. 

3. Amethod as claimed in claim 1 or claim 2. wherein sterilant gas is generated 
from a number of sources within the enclosed space. 

4 A method as claimed in claim 3, wherein the measurement of condensation 
at the different locations Is arranged to control the production of sterilant gas from 
the gas generators. 

5 A method as claimed in claim 4, wherein the gas generators are controlled 
by a control system which Is responsive to the measuring of condensation at 
different locations within the enclosure. 
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